Europiischas Patsrrtarot 

65) n\U European Patent Office % Pubiicatier, number; 0 t69 387 

Office europeen das brevets 



% EUROPEAN PATENT APPLICATION 

© Application number; 85107775.9 © int.a*: 6 02 B 21/24 

© Date of filing; 23.86.8S 



<*> Priority: 2S.06.84 49 12S204784 
2S.12.84 JP 27S663W 
29.12.84 JP 279664/84 
G4.fi2.S5 JP 18771/85 

© 0st«ofpub!)cationofappiic8tH3fi: 
29.01.86 BttBe-tfR 86-5 

<«} DastgnataoiCorrfrattmg States: 
AT CH 0E FR GB U 

©Applicant: OLYMPUS OPTICAL CO., LTD. 
43-2, 2-chome, Hatagoya SMbuy*-ku 
Tokyo 151IJP} 

© Inventor: Yoahfaaga, Makoto 
Kawsauchl-eho 1729-6 
Hwhfouil-aWToJcyoMP) 



@ inventor: )ba,Yofctt} 
kumi-eho 1476-15 
Hadtkwjt-BhiTekyoUPl 

@ Inventor: Miyahat a, NoriyuW 
QowacJa-Cho 4-22-13 
Hachtoujl-shi TokyoWPj 

@ Inventor: Kawasaki, Masaml 
Kacntman-cho 3-23 
Hachtouji-shi Tokyo!*}?! 

(n) inventor: Morfta, Terumasa 
Koyssu-eho 3-17-6 
Hachiouji-ahiTokyoUP) 

(g) inventor: Nagano, TakasW 
Uhikows-cho 
Hachfouji-sht TokyoSJP) 

@ representative: Ze<«r, Joachim Kisus.DipL-Jne, et aL 
ZgNZ & HELBER Patentanwatte Am Ruhrstein 1 
D-4308 Essen IfDE) 



3 

CO 
« 

(0 



ttf 



{§} Microscope. 

© A microscope wherein, trt order that the observing 
position may be varisbie over a wide ranae of a sample {3) to 
be observed without requiring a large objective <4), tho 
objective system (4} is so formed as to be movable in pareffs! 
jX, Y| with the sample surface and the Sight path length 
between tha object Ive optics! system (4i and eyepiece optica! 
*y*tem @) is made vartabSe by moving the objective optica! 
*y*rem H). 
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MICROSCOPE 



Background of the invention 
a} Field of the invention: 

This invention relates to a microscope whereby a 
sample can be observed over a wide range. 
h) Description of the Prior Art: 

Generally a microscope is formed fundamentally of 
an objective, an eyepiece and a stage for holding a sample 
observing position, the sample held on the stage or the 
stage itself used to be moved in the direction vertical to 
the optical axis. However, with the recent development of 
the peripheral technique, such large samples as brain 
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slices and large' silicon wafers have increases. Therefore, 
in the case of observing such large sample, the stage 
mounting the sample must be moved in a wide range, that is, 
over the range B which is 4 times, as large as the range K 
to be observed in Fig. 1, therefore the strength of the 
entire microscope including the stage is required and the 
stage moving mechanism roust be large. For example, if 
the size of the sample to be observed becomes twice as 
large, the stage moving range will become 4 times as large, 
therefore, the entire microscope will be larger, the 
inertia of the .stage itself will be larger and therefore 
the position precision. will be more difficult to control. 

On the other hand, according to Japanese prelimi- 
nary patent publication Sho 59-86020, there is suggested 
a method wherein a first objective and second objective 
are provided and only the first objective is moved in the 
direction perpendicular to the optical axis to change the 
sample observing position. However, there are defects 
that, in order to change the observing position of a large 
sample by this method, a very large objective will be 
required, the observable range will be varied by the 
magnification of the objective and further so large 
observing range will not be obtained due to the field 
number of the eyepiece. 
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Summary o£ the invention 

Therefore, a primary object of the present inven- 
tion is to provide a microscope whereby the sample observing 
position can be varied over a wide range without requiring 
a large objective. 

According to the present invention, this object 
can be attained by sieving the objective optical system 
parallelly with the visual field plane to make the light 
path length of a part of the observing optical system free 
to extend and contract. 

Another, object of the present invention is to 
simplify the entire structure of this kind of microscope 
and to lower the height of the microscope part above the 
sample. 

A further object of the present invention is to 
provide this kind of microscope wherein such other optical 
systems as an illuminating optical system and reference 
optical system can be easily and compactly incorporated 
into the objective optical system. 

Another further object of the present invention is 
to provide this kind of microscope wherein, in spite of the 
movement of the objective optical system in a wide range, 
the position of the eye point for the eyepiece will not 
move . 

Another further object of the present invention is 
to provide a microscope device which can be favorably 
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utilised to inspect wafers and the like. 

These and other objects of the present Invention 
will become more apparent during the course of the follow- 
ing detailed description and appended claims. 

Brief d escription of the drawings 
Fig. 1 is an explanatory view showing a stage 
moving range in a conventional microscope? 

Pig. 2 is a schematic view showing a first embodi- 
ment o£ the microscope according to the present invention; 

Fig. 3 as a view showing the objective moving range 

of the present invention; 

- Pig. 4 is a schematic perspective view showing a 
second embodiment of the microscope according to the 
present invention; 

Fig. 5 is a schematic view showing a third esfoodi- 
ment of the microscope according to the present invention? 

Fig. 6 is a schmatic view of an essential part 
showing a fourth embodiment of the microscope according to 
the present invention; 

Fig. 7 is a schematic view of an essential part 
showing a fifth embodiment of the microscope according 
to the present invention? 

Figs- 8A and SB are schematic views showing a 
sixth embodiment of the microscope according to the 
present invention; 
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Fig. 9 is a perspective view showing a seventh 
embodiment of the present invention as applied to a wafer 
inspecting microscope,- 

Fig, 10 is a plan view of an essential part show- 
ing an eighth embodiment of the microscope according to 
the present invention? 

Fig. 11 is a side view of the embodiment shown in 

Fig . 10 . 

P fgcription of the pr eferred embodiments 

First of all, with reference to Fig. 2, an embodi- 
ment arranged so that an objective optical system moves 
in one dimensional way shall be explained, 2n Fig. 2, 
the reference numeral 1 represents a microscope body, 2 
represents, a stage movably mounted in a well known way on 
the microscope body, 3 represents a sample to be observed 
as placed on the stage, 4 represents an infinity objective, 
5 represents a mirror, 6 represents a half mirror, 7 
represents an image forming lens, 8 represents an eyepiece, 
9 represents an illuminating light source and 10 represents 
a collector lens. The objective 4 and mirror 5 are arrang- 
ed movably along the optical 'axis between the mirror 5 and 
half mirror 6 by such mechanism as is described later. 

According to the above described formation, the 
light emitted out of the illuminating light source 9 will 
pass the half mirror 6 through the collector lens 10, will 
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be reflected by the mirror 5 and will illuminate the sample 
3 through the objective 4. The light coming out of the 
thus illuminated sample 3 will be made an afocal light by 
the objective 5, will be reflected by the mirror 5 and half 
mirror 6 and will be wade to form an image in the position 
P by the image forming lens 7. This image will be observ- 
ed through the eyepiece 8. Here, in the observing optical 
system consisting of the objective 4 mirror 5, half mirror 
6, image forming lens 7 and eyepiece 8, as an afocal system 
is made between the objective 4 and image forming lens 7 , 
even if the light path length between the mirror 5 and 
half mirror 6 is varied by advancing and retreating the 
objective 4 and mirror 5 along the optical axis between 
the mirror 5 and half mirror 6, the image formation in the 
position P. will not vary and therefore the sample 3 will 
be able to be observed in any position. In such case, 
the moving range C of the objective 4 may be the same as 
the observing range A as shown in Fig. 3. 

Fig. 4 shows the second actual embodiment of the 
present invention in which an objective optical system 
is arranged so as to move in two dimensional way. The 
reference numeral 11 represents a first mirror arranged 
slidably in the direction X along such guide 12 as, for 
example, a dovetail together with the objective 4, 13 
represents a second mirror arranged slidably in the 
direction Y along a guide 14 formed the same as the guide 
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12 integrally with the objective 4, first mirror 11 and 
guide 12. The same as in the embodiment shown in Pig. 2, 
the light coding out of the sample 3 will be made an afocal 
light by the objective 4, will be reflected in the direc- 
tion X by the first mirror 11, will be reflected in the 
direction Y by the second" mirror 13, will be further 
reflected by the half mirror 6 and then will be made to 
form an image by the image forming lens 7. This image will 
be observed through the eyepiece 8. Therefore, by properly 
adjusting the light path length between the first mirror 
11 and second mirror 13 with the guide 12 and the light 
path length between the second mirror 13 and half mirror 
6 witit the 9uide 14, the objective 4 can be moved in the 
directions X and. Y without varying the image forming 
position and the sample 3 can be observed in any position. 
Thus, such large sample as a brain slice or large silicon 
wafer can be easily and precisely observed. 

Fig. 5 shows the third embodiment of the present 
invention in which an objective optical system is arranged 
so as to move in one dimensional way. In respect that the 
objective optical system and reflecting member are so 
formed as to move integrally 'along the optical axis, this 
embodiment is fundamentally different from the embodiments 
shown in Figs. 2 and 4. That is to say, the reference 
numeral 15 represents an objective unit including a mirror 
15a and objective 15b and mounted movably along the optical 
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axis of the objective 15b, that is, in the direction 
indicated by the arrow X on a guide rail IS provided in the 
microscope body 1 and 17 represents a prism arranged 
between the image forming lens 7 and eyepiece 8 and direct- 
ing obliquely upward the light having passed the image 
forming lens 7. The illuminating light progressing course 
to the sample 3 from the illuminating light source 9 and 
the observing light progressing course to the eyepiece 8 
from the sample are the same as in the case of the already 
described embodiments. Even in this embodiment, in the 
observing optical system consisting of the mirror 15a, 
objective 15b, half mirror 6, image forming lens 7, prism 
17 and' eyepiece 8, as an afocal system is made between the 
objective 15b and image forming lens 7, by sliding the 
objective unit 15 along the guide rail 16, the mirror 15a 
and objective 15b can be moved along the optical axis of 
the objective 15b to vary the light path 'length between 
the objective 15b and half mirror 6, the stage 2 can be 
Moved in the direction vertical to the paper surface with 
respect to the microscope body 1 to observe the sample 3 
on the stage 2 in any second dimensional position and yet 
the image formation in the position P will not vary. In 

this case, too, the moving range of the objective 15b may 
be the same as the maximum width of the observing range , 

(See Fig. 3} * 

Fig, 6 shows the fourth embodiment of the present 
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invention. In respect that a half mirror 15 'a is provided 
instead of the mirror 15a and the illuminating light source 
9 and collector lens 10 are included within the objective 
unit 15, this embodiment is different from the embodiment 
shown in Fig, 5. The collector lens 10 and illuminating 
light source 9 are arranged above the half mirror 15' a. 
Even in this embodiment, the operation is made the same 
as in the embodiment in Fig. 5 but, as the illuminating 
optical system is incorporated within the objective unit, 
there are advantages that the flare will reduce, the pupil 
position of the, illuminating optical system will be kept 
invariable and therefore a uniform illumination will be 
made . - 

Fig. 7 shows the fifth embodiment of the present 
invention . in respect that the half mirror 15* a is provid- 
ed instead of the mirror 15a and a master specimen 18 is 
included within the objective unit 15, this embodiment is 
different from the embodiment shown in -Pig. 5. The master 
specimen 18 is arranged in a position conjugate with the 
sample 3 with respect to the half mirror 15 'a and is so 
formed that the sample 3 and master specimen 18 can be 
observed while being compared with each other within the 
same visual field. 

In the above mentioned third to fifth embodiments, 
each of the mirror 15a and half mirror 15'a may have a 
predetermined curvature {such as of a parabolic or 
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spherical surface) of the reflecting surface as shewn by 
chain lines respectively in Figs. 5 and 6 or the mirror 
15a can be rotated around the axis 0 {Pig. 5) to be minute- 
ly centered with the sample 3. If a mirror or half mirror 
having a reflecting surface of a proper curvature is used, 
the objective 15b will be' able to be omitted. Further, in 
each of these embodiments, an afoca'l system is formed 
between the objective 15b and image forming lens ? but it 
is needless to say that, even in the case of a focal 
system, the above mentioned advantages peculiar to the 
respective embodiments will be obtained the same. Further, 
in these embodiments, as evident from the above described 
explanation, the height of the microscope device part to 
be above the sample 3 can be made comparatively low and 
even an objective of a long operating distance can be also 
used. Further, in case a part of the microscope optical 
system is formed as an afocal system, the part of the 
afocal system will be short , therefore the eclipse of 
the pupil of the afocal system will reduce, the diameter 
of the image forming lens will be able to be made smaller, 
thus the entire microscope will be able to be made small 
and such very effective microscope will be obtained. 
Further, in case the half mirror is arranged in front of 
ten objective optical system, such other optical systems 
with respect to the half mirror as, for example, an illumi- 
nating optical system and second reference optical system 
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will be able to be easily incorporated without making the 
device large. 

Pigs. 8A and 8B show the sixth embodiment of the 
present invention in which an objective optical system is 
arranged so as to move in one aimentional way. In respect 
that an afocal lx relay lens system consisting of a plu- 
rality of lens components is arranged between the objective 
optical system and eyepiece optical system so that, when 
the objective optical system is moved, the distances 
between the respective lens components forming the relay 
lens system, the distance between the relay lens system 
and objective system and the distance between the relay 
lens system and eyepiece optical system will be varied in 
response to the movement of the objective optical system 
so as to keep the entire relay lens system always afocal 
lx, this embodiment is different from the already described 
embodiments. This embodiment shall be concretely explain- 
ed on the basis of Figs. 8A and 8B. Even in this embodi- 
ment, the same reference numerals are attached to the same 
respective members as in the already described embodiments. 
In Fig. 8A, the reference numeral 19 represents a relay 

lens system consisting of four lenses b, , b~, and b> 

x l 3 4 

and so formed that, when the respective lenses are 
approximated with thin lenses, the distances between the 
respective lenses will be adjusted to satisfy the following 
formulae to always make an afocal lx system. That is to 
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say , 



&2 . ______ - 



D 



^2 - i ^3 d 2 % - a 



— 5 — ^ — + ^ ~^r^ 

where ^ , ep 2 , <? 3 and <?> 4 represent respectively the powers 
of the lenses 1^, L 2 , L 3 and L 4 , <f x > 0, <? 2 y 0, Cp^ > 0 
and <£ 4 > 0 , represents the distance between the lenses 

and L 2 , d 2 represents the distance between the lenses 
H and L 4 . D represents the distance between the lenses t, 
and L 3 and E represents the displacement of the image by 
the insertion of the relay lens system of the lenses to 

v 

The reference numeral 20 represents the image of 
the sample 3 formed by the objective 4 mirror 3 and relay 
lens system 19. The reference symbol S ' represnets the 
distance from the fitting face 4a of the objective 4 to 
the image 20* of the sample 3 to be formed by only the 
objective 4 (Fig. 8B) , By the way, as exemplified in Fig. 
4, the objective 4 and mirror 5 are so formed as to be 
movable integrally as an objective unit in parallel with 
the plane including the sample 3, that is, in the direc- 
tion 3 and the respective lenses h^, h^t & 3 arid ^4 of ^ 



" 13 " 0169387 

relay lens system 19 are so made that, in response to the 
Movement of the above mentioned objective unit, the 
distances between the respective lenses, the distance 
between the relay lens system 19 and objective 4 and the 
distance between the eyepiece not illustrated and relay 
lens system will be respectively adjusted and the position 
of the image 20 will not move. Therefore, the light coming 
out of the sample 3 will pass the objective 4, then will 
be reflected by the mirror 5 and further will pass the 
relay lens system 19 to form the image 20 which will be 
observed through the eyepiece. Here, as the relay lens 
system 19 is so formed as to be always an afocal Ix system, 
when the objective 4 and mirror 5 is moved in the direc- 
tion indicated by the arrow X and the distances between 
the respective lenses 1^, l^, L $ and L 4 are adjusted in 
response to the movement of the objective unit, the image 
20 will be formed at a fixed magnification in a fixed posi- 
tion. Thus the sample can be observed in any position 
over a wide range, Yet the distance from the image 20 
to the exit pupil will not vary and therefore the position 
of the eye point will not vary. In this case, the objec- 
tive 4 moving range may the same as the maximum length of 
the observing range, 

Fig, 9 shows the seventh embodiment of the present 
invention. In respect that the stage 3 is so formed as to 
make no linear motion but a rotary motion, this embodiment 
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is different from the already described embodiments. The 
embodiment is illustrated as applied to a wafer inspect- 
ing microscope. That is to say, the reference numeral 21 
represents two pairs of wafer conveying belts driven by 
a motor/ 22 represents a wafer inspecting stage provided 
in the middle of a wafer conveying path and 23 represents 
a noncontacting prealignment sensor provided adjacently to 
the stage 22. The wafer inspecting stage 22 is connected 
with a vacuum pump not illustrated through a suction pipe 
24 so as to suck and hold a wafer 25 placed on the upper 
surface and is moved vertically and rotated in a horizontal 
plane by the later described stage driving position. 
The reference numeral 26 represents a first frame forming 
a part of the microscope body 1, 27 represents a second 
frame fitted vertically movably through a roller guide 28 
to the first frame 26, driven by a motor 29 and having the 
wafer inspecting stage 22 pivoted to the upper part and 30 
represents a gear secured to the center" shaft of the wafer 
inspecting state 22 and rotated by a motor 31 to rotate 
the wafer inspecting stage 22 in a horizontal plane. These 
form the stage driving device. 

As this embodiment is formed as mentioned above, 
the wafer 25 fed onto the stage 22 by the conveying belt 

21 will be sucked and held on the wafer inspecting stage 

22 by vacuum suction. Then, by the stage driving device, 
the wafer inspecting stage 22 is raised up to the in- focus 
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position, Then, the wafer inspecting stage 22 is rotated 
by the stage driving device. By the noncontacting align- 
ment sensor 23, the orientation flat 25a of the wafer 25 
is detected and positioned. The wafer inspecting stage 
22 is further rotated by the stage driving device to inspect 
the wafer. On the other hand, if, in addition, the objec- 
tive 4 is moved along the upper surface of the wafer 25 
in the direction (X) at right angles with the wafer con- 
veying direction, the wafer 25 will be able to be inspected 
on the entire surface. In this case, if an image rotator 
is provided within the observing optical system of the 
microscope as described later, the rotation of the image 
with the rotation of the wafer 25 will be able to be 
prevented and the always stationary image will be able to 
be observed. In the case of this embodiment, there is 
an advantage that, when the diameter of the wafer is 
represented by R, the displacement of the objective 4, 
that is, the variation of the light path length of the 
observing optical system may be R/2. 

In each of the above explained embodiments, the • 
objective unit is moved linearly in the directions X and/ 
or Y in a plane parallel with the surface of the stage, 
that is, of the object to be observed in cooperation, in 
some case, with the linear or rotary motion of the stage 
to attain the intended purpose. However, the objective 
unit may be rocked in a plane parallel with the stage in 
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cooperation with the linear motion of the stage to attain 
the purpose . 

Pigs. 10 and 11 show the eighth embodiment of the 
present invention based on such system. That is to say, 
in this embodiment, the eyepiece part is fixed but such 
other parts as the light source part and observing tube 32 
are made rotatable in a horizontal plane with the optical 
axis of the image forming lens 7 as a center so that the 
objective 4 may move in an arcuate direction {direction 
indicated by the arrow E in Fig. 10} intersecting the 
stage 2 or in the moving direction D of the sample 3, In 
this case, there are advantages that the light path length 
between the mirror 5 and half mirror 6 need not be varied 
and the design of the microscope optical system is easy. 
However, as the image rotates with the rotation of the 
observing tube 32 , it is necessary to put an image rotator 
33 in the course of the optical syste. As evident from 
the above explanation, according to this embodiment, there 
is an advantage that the entire device can be formed 
compactly . 
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What is claimed is: 

1. A microscope comprising a microscope body, a 
stage movably mounted on said microscope body, an objective 
optical system mounted movably in parallel with the 
surface of said stage on said microscope body and an eye- 
piece optical system which is mounted as fixed on said 
microscope body and through which the image of the light 
having passed said objective optical system and coming out 
of a sample placed on said stage can be observed, the light 
path length between said objective optical system and eye- 
piece optical system being variable by moving said objective 
optical system, 

2. _ A microscope according to claim I wherein said 
objective optical system is linearly movable. 

3. A microscope according to claim 1 wherein said 
objective optical system is linearly movable in directions 
intersecting at right angles with each other. 

4. A microscope according to claim 1 wherein said 
objective optical system is formed as an objective, unit 
including an infinity objective and a reflecting member 
bending the light path of the light out of said sample so 
as to be in parallel with the surface of said stage. 
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1 5, A microscope according to claim 1 wherein said 

2 objective optical system is formed of a reflecting member 

3 having a reflection surface of a predetermined curvature 

4 and bending the light path of the light out of said sample 

5 so as to be in parallel with the surface of said stage. 

1 6 . A microscope according to claim 4 or 5 wherein 

2 said reflecting member is rockable. 

1 7 . A microscope according to claim 1 wherein said 

2 objective optical system is formed as an objective unit 

3 including. an infinity objective, a half mirror bending the 

4 light path of the light out of said sample so as to be in 

5 parallel with the surface of said stage and an illuminating 

6 light source means projecting an illuminating light onto 

7 said sample surface through said half mirror. 

1 8 . A microscope according to claim 1 wherein said 

2 objective optical system is formed as an objective unit 

3 including a half mirror having a reflecting surface of a 

4 predetermined curvature and bending the light path of the 

5 light out of said sample so as to be in parallel with the 

6 surface of ©aid stage and ah illuminating light source 

7 means projecting an illuminating light onto said sample 
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8 surface through said half Mirror. 

1 ®. k microscope according to claim 1 wherein said 

2 objective optical system is formed as an objective unit 

3 including an infinity objective, a half mirror bending the 

4 light path of the light out of saia sample so as to be in 

5 parallel with the surface of said stage and a master specimen 

6 for forming the image of the master specimen within said 

7 eyepiece optical system through said half mirror and objective. 

1 10 . A microscope according to claim 1 further com- 

2 prising an afocal Ix relay lens system consisting of a plurality 

3 _ of lens components arranged between said objective optical 

4 system and eyepiece optical system and a reflecting member 

5 arranged between said stage surface and relay lens system and 

6 for arranging at least the light path of said relay lens 

? system parallelly with said sample surface, said objective 

8 optical system and reflecting member being integrally movable 

9 in parallel with said sample surface and, in response to the 

10 movement of said objective optical system and reflecting mem- 

11 ber , the distances between the respective lens components of 

12 said relay lens system being varied so that said entire relay 

13 lens system may be kept afocal Ix, 

1 11. k microscope according to calaim wherein 

2 said relay lens system is formed of four lens components 

3 L^f > X* 3 and and the distances < between said respective 
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4 lens components are adjusted to satisfy the following 

5 formulae when said respective lens components are approxi- 

6 mated respectively with thin lenses: 

B D *» - 



^1 - ^4 

^2 ~ "d^j - 1 ^3 " d 2 <? 4 - 1' 



E * D * 



Q l ' "d'cp. - 1 ^4 



! 1^2 " 1 4 d 2^3 ' 1 



10 + d x + d 2 



11 where C?^ represents the power of the lens component , ^ 

12 represents the power of the lens component l> 2 , <nP 3 repre- 

13 sents the power of the lens component L^, cp 4 represents 

14 the power of the lens component X^Cp^ ? 0 or<? 2 ? 0, 

15 £fg 7 0 or <^ 7 0, d^ represents the distance between the 

16 lens components 1^ and I< 2 , d 2 represents -the distance 

17 between the lens components l» 3 and L 4 , T> represents the 

18 distance between the lens components and L 3 and E 

19 represents the displacement of the image by the lens 

20 components to L^. 

1 12 . a microscope according to claim 1 wherein 

2 said stage is moved to rotate and said objective optical 

3 system is moved linearly across the rotation center of 

4 said stage. 
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13 - A microscope according to claim 1 wherein 
said stage is moved linearly and said objective optical 
system is rocked so as to intersect with the moving 
direction of said stage. 
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FIG. 7 
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